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LONG-TERM GOALS

Thelong-termgoalof this projectis to enhancethelevel of understandingof thedynamicsof

overflows, which arecharacterizedby high degreeof variability andmixing nearstrategic straits

connectingvariousmarginal seasandoceans.

OBJECTIVES

1) To complementfield studiesandto developa betterunderstandingof thecharacteristicsof

mixing andits influenceon thesubsequencefateof theoverflows.

2) To addressthefundamentalissueof entrainmentof a plumein thepresenceof rotationand

ambientstratification.

3) To developparameterizationsof mixing for oceangeneralcirculationmodels.

4) To explorethelarge-scaleimpactof mixing in overflows.

APPROACH

The researchhasbeenbeencarriedout usinga combinationof oceanicdata,high-resolution

nonhydrostaticnumericalmodel,andanalyticaltechniques.

WORK COMPLETED

Theprimaryaccomplishmentsduringthis grantperiodareasfollows:

1) Publicationof a paperin the Journalof PhysicalOceanographysummarizingan analyti-

cal investigationof thecharacteristicsof β-plumesdrivenby localizedmixing in overflows

(Özg̈okmenandCrisciani,2001).

2) Publicationof a paperin the Journalof PhysicalOceanographydescribingthe validation

andbenchmarkingof a two-dimensional,nonhydrostaticnumericalmodelusinglaboratory

experimentsbottomgravity currents(Özg̈okmenandChassignet,2002).
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3) A model-dataintercomparisonstudy is completedbetweenthe nonhydrostaticmodeland

partof theRedSeaoverflow from REDSOX (NSF-funded)field program.This manuscript

is submittedfor publicationin theJournalof PhysicalOceanography.

RESULTS

Motivatedby thefactthatoverflow processes,whichsupplysourcewatersfor mostof thedeep

andintermediatewatermassesin theocean,posesignificantnumericalanddynamicalchallenges

for oceangeneralcirculation models,an intercomparisonstudy is conductedbetweenthe field

datacollectedin the RedSeaoverflow undertheREDSOX-1 observationalprogramanda high-

resolution,nonhydrostaticprocessmodel. The intercomparisonstudy is focusedon the part of

theoutflow that flows alonga long narrow channel,referredto asthe “northernchannel”,which

naturally restrictsmotion in the lateral direction suchthat the useof a two-dimensionalmodel

providesareasonableapproximationto thedynamics.Thischannelcarriesaboutthetwo-thirdsof

thetotalRedSeaoverflow transport,aftertheoverflow splitsinto two in thewesternGulf of Aden.

Theevolutionof theoverflow in thenumericalsimulationscanbecharacterizedin two phases:

thefirst phaseis highly time-dependent,duringwhich thedensityfront associatedwith theover-

flow propagatesalongthechannel.Thesecondphasecorrespondsto thatof a statisticallysteady

state.Theprimaryaccomplishmentof this studyis thatthemodeladequatelycapturesthegeneral

characteristicsof thesystem:(i) thegradualthickeningof theoverflow with downstreamdistance,

(ii) the advectionof high salinity andtemperaturesignalsat the bottomacrossthe channelwith

little dilution, and(iii) ambientwatermassessandwichedbetweentheoverflow andsurfacemixed

layer(Fig. 1,2).

To quantifymixing of theoverflow with theambientwatermasses,anentrainmentparameter

is determinedfrom the transportincreasealongthe slope,andexpressedexplicitly asa function

of meanslopeangle. Bulk Richardsonnumbersare estimatedboth from dataand model, and

arerelatedto the entrainmentparameter. The rangeof entrainmentparameterandits functional

dependenceto bulk Richardsonnumberin this study are found to be in reasonableagreement

with thosereportedfrom variouslaboratoryexperiments,andthatbasedon measurementsof the

Mediterraneanoverflow.

Finally, theresultsreveala complex dynamicalinteractionbetweenshear-inducedmixing and

internal waves, and illustrate the high computationaland modelingrequirementsfor numerical

simulationof overflows.
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Figure 1: Comparison of salinity and temperature distributions from the model and from 

REDSOX-1 observations. 
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Figure 2: Comparison of salinity profiles from REDSOX-1 observations and the model. Salin-

ity (in psu) is plotted as a function of water depth (in m) at each REDSOX-1 station within the

model domain (curves marked with “***”). Solid curves show time-averaged model profiles, and

dashed curves mark the range of variability of the profiles in the model simulation during equilib-

rium state.
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IMPACT/APPLICA TIONS

Oceanicoverflows are characterizedby high levels of turbulenceand mixing nearstrategic

straitsconnectingvariousmarginal seasandoceans.A detailedunderstandingof suchphenom-

enais not only importantfor submergedequipmentbut alsofor large-scaleoceancirculationand

climate-relatedstudies.

TRANSITIONS

Simulationresultscomplementthe understandingandinterpretationof field datafrom RED-

SOX. Resultsalsopromotethe needfor betterparameterizationsnot only in generalcirculation

models,but alsoin process-orientedmodels.
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